Background: Endotracheal intubation usually causes transient hypertension and tachycardia. The cardiovascular and arousal responses to endotracheal and endobronchial intubation were determined during rapidsequence induction of anesthesia in normotensive and hypertensive elderly patients.
Introduction
Laryngoscopy and endotracheal intubation often results in increases of arterial pressure, heart rate (HR) and circulating catecholamines [1, 2] as well as an arousal response on the electroencephalograph (EEG) during induction of anesthesia [3] . The intubation may be accomplished by singlelumen tubes (SLT) or doublelumen tubes (DLT). The main portion of DLT is placed in the lower trachea approximately 1-2 cm above the carina, with the bronchial extension inserted far enough into one of the main bronchi. The cardiovascular response to airway stimulation differs in its magnitude at different sites within the airway [4] . Therefore, the cardiovascular response to DLT may differ from that to SLT. Many patients who require endobronchial intubation with the use of DLT are elderly, who have a diminished physiological reserve, alteration in autonomic function and an increased incidence of coexisting cardiovascular diseases such as coronary atherosclerosis and hypertension [5, 6] . The cardiovascular responses to tracheal intubation may be exaggerated in the hypertensive patient [1] . Moreover, the elderly exhibit an increased sensitivity to opioids and anesthetic drugs [7, 8] . Therefore, they are more prone to develop myocardial ischemia, stroke, cardiac arrhythmias, or sudden death during such abrupt hemodynamic changes that occur in endotracheal or endobronchial intubation [9] .
Thompson et al. [10] have found that the pressor response to endobronchial intubation is of a similar magnitude to that known to occur in response to endotracheal intubation in previous studies [2] . However, to date, no study has directly compared the cardiovascular response to endotracheal and endobronchial intubation in patients undergoing general anesthesia. Moreover, although laryngoscopy and endotracheal intubation is associated with an arousal response during induction of anesthesia [3] , the degree of arousal responses to endobronchial intubation has not been documented.
The present study aimed to compare the cardiovascular and arousal responses to SLT and DLT intubation in elderly patients with or without hypertension. The bispectral index (BIS) was used to identify the arousal response.
Materials and Methods
We prospectively studied 60 American Society of Anesthesio logists (ASA) physical status I and II requiring endotracheal intubation using SLT and 60 patients requiring endobronchial intubation using a left DLT with or without hypertension. An approval of the Institutional Ethics Committee and written informed consents from the subjects were obtained. Patients were eligible to be in the normotensive group if they had no history of hypertension and the blood pressure on three occasions was < 160 mmHg systolic and < 95 mmHg diastolic. Patients were eligible to be in the hypertensive group if they had a history of hypertension with ongoing treatment and the admission blood pressure on three occasions was < 180 mmHg systolic and < 105 mmHg diastolic. Criteria for exclusion were: age < 60 yr old; ASA physical status III or greater; blood pressure > 180 mmHg systolic and > 105 mmHg diastolic; obesity (body mass index > 30 kg/m 2 ); anticipated difficulty with airway maintenance or intubation; recent myocardial infarction, congestive cardiac failure or electrocardiographic (EKG) evidence of heart block; or the presence of a cardiac pacemaker.
Patients were classified into one of the following four groups according to the technique of intubation, and the presence or absence of hypertension: those requiring endotracheal intubation without hypertension (NT group, n = 30), those requiring endobronchial intubation without hypertension (NB group, n = 30), those requiring endotracheal intubation with hypertension (HT group, n = 30), and those requiring endobronchial intubation with hypertension (HB group, n = 30).
All patients were premedicated with 0.1 mg/kg midazolam orally 60 min before induction of anesthesia. The hypertensive received their usual antihypertensive drugs on the day of surgery. Before arrival in the operating room, an intravenous (i.v.) catheter was placed to allow administration of i.v. fluids and medications. In addition, a 20G catheter was inserted into a radial artery to measure arterial pressure and for blood sampling. Heart rate was determined from ECG traces. A standard BIS monitor strip (BIS Sensor Ⓡ ; Aspect Medical Systems, USA) was applied to the forehead before induction of anesthesia, and BIS was measured throughout the study using a BIS monitor (MODEL a2000; 3.1 software version, Aspect Medical Systems, USA). The anesthesiologist who participated in the anesthetic care was blinded to the BIS value. For each patient, a rest period of at least 30 min was allowed to elapse before starting the protocol. After breathing 100% oxygen, anesthesia was induced at 1.5 min before initiating laryngoscopy and intubation with i.v. thiopental 5 mg/kg given over 20 s followed by succinylcholine 1.5 mg/kg i.v. given over 5 s, while the patients were ventilated with 100% oxygen. One and half minutes after induction (time 0), when neuromuscular block was achieved, laryngoscopy and intubation were performed using a SLT (Sheridan Ⓡ , fresh gas flow rate was adjusted to 6 L/min throughout the study. Muscle relaxation was maintained with rocuronium given as an initial bolus of 0.8 mg/kg within a few minutes of succinylcholine administration. The size of the left DLT was chosen based on the measurement of the left bronchial diameter on chest radiograph, as described by Hannallah et al. [11] . Proper placement of the DLT was confirmed by using fiberoptic bronchoscopy when the study had concluded because bronchoscopy itself may stimulate the airway. A humidifier (Thermovent 600 Ⓡ , Portex Inc, UK) was used.
The duration of laryngoscopy (defined as the time from the beginning of laryngoscopy to inflation of the cuff ) and any difficulties in laryngoscopy or intubation were noted. Data from patients in whom intubation required longer than 60 s were excluded. Arterial pressure (mmHg), HR (beats/min) and BIS values were record immediately before induction of anesthesia (baseline, time -1.5 min), just before initiating laryngoscopy and intubation (preintubation, time 0), and at 1min intervals for 5 min after the intubation. The maximum BIS values displayed every minute were taken by downloading data from the electronic memory of the monitor at the end of surgery. Arousal response (defined by an increase in BIS to intubation) was determined by the differences of BIS values between peak values observed after intubation (for 3 min after intubation) and those just before starting laryngoscopy. Ephedrine was administered in 4 mg increments for hypotension (systolic arterial blood pressure [SAP] < 90 mmHg, or a decrease of > 30% from baseline values for more than 60 s), and atropine in 0.5 mg increments for bradycardia (HR less than 50 beats/min for more than 60 s). For hypertension (SAP > 200 mmHg, or an increase of > 30% above baseline for > 60 s) or tachycardia (HR > 120 beats/min for > 60 s) associated with intubation, the inspired sevoflurane concentration was increased by increments of 1%. The time period it took for MAP and HR to recover to their baseline values following the intubation were recorded to define the periods during which the pressor and tachycardiac responses were observed, respectively.
Arterial blood samples were drawn before induction of anesthesia (baseline), just prior to laryngoscopy and intubation (preintubation), and 1, 2, and 5 min after the onset of intubation. The samples were collected into prechilled tubes containing ethylenediamine tetraacetic acidsodium and immediately centrifuged at 3,000 revolutions per minute for 10 min at 4 o C. The plasma was stored at -70 o C until assayed for catecholamine concentrations. Plasma concentrations of norepinephrine and epinephrine were measured in dupli cates using highpressure liquid chromatography [12] . The assay sensitivity was 10.0 pg/ml, and withinrun precision coeffi cients of variation were 13.5% for norepinephrine and 14.2%
for epinephrine. All patients were interviewed for recall on the on the first postoperative day using a standardized set of postoperative questions [13] , which included inquiring for the recall of any unpleasant dreams during intubation or surgery as well as explicit memory recall for operative events. The sample size calculation was based on the primary endpoint of mean arterial pressure (MAP) value at tracheal intubation. In our pilot study, the maximum MAP in the NB group was 140 ± 13 mmHg. A power analysis suggested a sample size of 27 patients in each group should be adequate to detect a 10 mmHg difference in peak MAP at intubation with a twosided significance level α of 0.05 and a power of 0.8. Taking into account possible dropouts, we aimed to recruit about 30 patients in each group.
Data were expressed as number or mean ± SD. They were analyzed using the statistical package (StatView Ⓡ software version 4.0, Abacus Concepts Inc, USA) on a Macintosh computer. Sex was analyzed using Fisher's exact test. Other patient characteristic data were compared using a oneway analysis of variance. Serial changes in cardiovascular, hormonal, and BIS data were analyzed using twoway analysis of variance with repeated measures, with time as withingroup factor, group (endobronchial/endotracheal) as betweengroup factor, and the interaction between time and group also compared. A difference among the groups in BIS increase at intubation from the value measured just before starting laryngoscopy to peak value (arousal) was analyzed using analysis of variance. The Scheffé test was used for multiple pairwise comparisons when a significant difference was indicated with analysis of variance.
Complication rates among the groups were analyzed by using the χ 2 test where appropriate. A P value of <0.05 was considered statistically significant.
Results
There were no significant differences among the groups with respect to sex ratio, age, weight, and height ( Table 1) . The time required to accomplish endobronchial intubation was significantly longer than that for endotracheal intubation (~23 s vs. ~14 s, P < 0.001) with or without hypertension. Antihypertensive medications did not differ between the two hypertensive groups (Table 1) .
MAP and HR are illustrated in Fig. 1 . Basal MAP and HR did not differ between endotracheal and endobronchial intubation groups in the normotensive (NT and NB) and hypertensive groups (HT and HB). HR was comparable among the groups. The induction of anesthesia with thiopental decreased MAP similarly in all groups. The intubation then significantly increased MAP from preintubation values in all groups, the magnitude of which did not differ between endotracheal and Values are mean ± SD or number of patients. NT: endotracheally intubated normotensives, NB: endobronchially intubated normotensives, HT: endotracheally intubated hypertensives, HB: endobronchially intubated hypertensives, ACE: angiotensin converting enzyme, ARBs: angiotensin II receptor blockers. *P < 0.05 vs. NT, † P < 0.05 vs. HT.
Fig. 1.
Mean arterial blood pressure (MAP) and heart rate (HR) in the normotensive (NT and NB groups, left panels) and hypertensive (HT and HB groups, right panels) patients measured before induction of anesthesia (t = -1.5 min), just before initiating intubation (t = 0), maximum response within 1 min after intubation, and every 1 min for first 5 min after intubation. NT: endotracheally intubated normotensives, NB: endobronchially intubated normotensives, HT: endotracheally intubated hypertensives, HB: endobronchially intubated hypertensives. Values are mean ± SD. *P < 0.05 vs. baseline (t = -1.5 min), † P < 0.05 vs. NT, ‡ P < 0.05 vs. NB, § P < 0.05 vs. HT.
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endobronchial groups with (66 ± 16 mmHg vs. 68 ± 12 mmHg) or without (49 ± 18 mmHg vs. 50 ± 16 mmHg) hypertension. However, the maximum increase of MAP from preintubation values in the hypertensive groups was significantly greater than that in the normotensive groups in both endotracheal (49 ± 18 and 66 ± 16 mmHg in NT and HT groups, respectively) and endobrochial intubation groups (50 ± 16 and 68 ± 12 mmHg in NB and HB groups, respectively) (P < 0.05) (Fig. 2) . The pressor response persisted longer in the HB group than in the HT group (5.1 ± 1.6 vs. 3.2 ± 0.9 min, P < 0.05). HR increased significantly after the induction of anesthesia and further increased by the intubation, the degree of which did not differ among the groups (Fig. 1) . However, the tachycardiac response lasted longer in both hypertensive groups than in both normotensive groups (4 min vs. longer than 5 min, P < 0.05).
The BIS values are illustrated in Fig. 3 . Baseline BIS values did not differ among the groups. BIS values significantly decreased after the induction of anesthesia with thiopental in all groups, the degree of which was comparable among the groups. In response to tracheal intubation, BIS values (10-16 BIS units) increased in all groups, being not different among the groups. The maximal increase in BIS was noted within the first 3 min in most cases. The day after the surgery, no patients recalled awareness during anesthesia and intubation.
One patient in the NT, 3 in the NB, 9 in the HT and 11 in the HB group required an increase of the sevoflurane concentration to treat hypertension or tachycardia. Neither hypotension nor bradycardia was noted, and thus none received either ephedrine or atropine. Premature ventricular contractions appeared immediately after the endobronchial intubation in two patients each in the NB and HB groups. The arrhythmias disappeared spontaneously without treatment.
Plasma catecholamine concentrations before and after intu bation are shown in Table 2 . Basal levels of norepinephrine and epinephrine were not different among the groups. Induction with thiopental did not affect the plasma concentrations of Fig. 2 . Changes from pre-intubation to maximum response within 1 min after intubation in mean arterial pressure (ΔMAP) and heart rate (ΔHR) in normotensive and hypertensive patients. Values are mean ± SD. *P < 0.05 vs. normotensive. 
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norepinephrine but significantly decreased epinephrine concentrations. The intubation then caused an increase in norepinephrine concentrations at 1 and 2 min in all groups, the degree of which was not different between endotracheal and endobronchial intubation in either normotensive or hypertensive patients. However, the degree of increases in norepinephrine concentrations was higher in the hypertensive groups than in the normotensive groups (P < 0.05). Plasma epinephrine concentrations were also increased significantly after intubation in each group, however, the degree of which was not different among the four groups.
Discussion
Our study demonstrated that the peak hemodynamic and BIS changes were not affected by the method of intubation (endotracheal vs. endobronchial intubation) regardless of the presence or absence of hypertension, although the pressor response lasted longer in the HB than in the HT group (5.1 min vs. 3.2 min). However, the hypertensive patients (HT and HB groups) exhibited more pronounced pressor and catecholamine responses than the normotensive (NT and NB groups). This finding is consistent with that in a previous study [1] , which demonstrated pronounced pressor responses in the hypertensives compared with the normotensives.
It has been reported that the distribution of airway receptors is richest in the larynx, being especially concentrated in the proximal part of the tracheobronchial tree [14, 15] . Moreover, these receptors become more chemosensitive and less mechanosensitive in the distal portion [16] . Consequently, no difference in pressor and catecholamine responses has been demonstrated between laryngoscopy with and without endotracheal intubation in healthy patients [2] . Therefore, the stress response to endobronchial intubation associated with a long way insertion of DLT up to bronchus, and carinal and lower airway stimulation on placement is unlikely to affect the hemodynamic outcomes.
The magnitude of stimuli to the upper airway during anesthesia induction and intubation depends on the duration of intubation [17] and the force exerted on the tongue during laryngoscopy [18] . Direct laryngoscopy that takes less than 15 seconds is known to minimize pressor responses [17] . In the present study, it took significantly longer by the endobronchial intubation than by the endotracheal intubation (~23 s vs. ~14 s, P < 0.01). Although we did not measure forces applied on tongue during laryngoscopy, DLT may have caused more force because of its much larger size compared to SLT. Therefore, a small difference in the intubation time (<10 s) and the force exerted on the tongue between endotracheal and endobronchial intubation may have a little impact on peak hemodynamic and catecholamine responses to intubation. The longer duration of pressor responses rather than their peak values in patients with hypertension may be related to a longer time frame necessary to accomplish the endobronchial intubation and more force applied on the tongue.
It has been well known that the pressor response to intubation is proportional to plasma norepinephrine levels [19] . Indeed, the magnitude of increases in norepinephrine concentrations was significantly greater along with the pressor response in the hypertensive than in the normotensive in the present study. However, neither the norepinephrine levels nor the hemodynamic parameters were significantly different between the SLT and DLT groups, suggesting that the magnitude of the stress response between the groups is comparable. The 
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Vol. 60, No. 2, February 2011 epinephrine concentrations increased significantly in all groups, of which magnitude was not affected by the hypertension. The epinephrine response is unlikely to reflect the exaggerated pressor response in patients with hypertension. Patients who require DLT endobronchial intubation are mostly elderly, in whom cardiovascular instability may con tribute to perioperative myocardial ischemia and cardiac morbidity [5, 6, 20] . In the present study, the pressor responses were more pronounced and tachycardiac responses prolonged in the hypertensive compared with those in the normotensive regardless of the method of intubation. We observed that hyper tensive patients (HT and HB) received additional sevoflurane more frequently to treat hypertension or tachycardia compared with the normotensives. In addition, the HB group showed a prolonged pressor response compared with the HT group. The endobronchial intubation is often achieved not easily in one attempt. Moreover, the fiberoptic bronchoscopy to confirm proper placement of DLT may stimulate airway, resulting in a prolonged pressor response. Thus, the maintenance of hemodynamic stability during endobronchial intubation is of particular clinical importance in elderly patients with hyper tension.
BIS ≤ 60 is widely used as an endpoint of hypnosis during general anesthesia [21] . BIS values after the intubation remained below 60 in all groups, indicating a low probability of recall and conscious perception [22] . Since EEG responses to noxious stimulation may occur when the depth of anesthesia is changed [23] and the depth of anesthesia in turn depends on the intensity of the noxious stimulation [24] , we postulated that the endobronchial intubation should cause a greater BIS change and hence the risk of awareness than the endotracheal intubation. However, BIS values at the moment of intubation did not differ between the endotracheal and endobronchial groups. In addition, no one recalled awareness during anesthesia and intubation in either group. The same amount of thiopental was used to induce anesthesia in the two intubation groups, not differently affecting the risk of awareness.
This study has a few limitations. First, although opioids are commonly given with thiopental during the induction of anesthesia, we did not use them in order not to influence the results of our study. Therefore, the depth of anesthesia was probably inadequate during laryngoscopy and intubation. However, for hypertension (an increase of SAP > 30% above baseline for > 60 s) or tachycardia (HR > 120 beats/min for > 60 s) associated with intubation, the inspired sevoflurane concentration was increased in increments of 1% in the present study. Second, the use of sevoflurane as a rescue medication during induction may have influenced the hemodynamic responses in the present study. However, since the number of patients who received sevoflurane between endotracheal and endobronchial groups with (9 in HT vs. 11 in HB) or without hypertension (1 in NT vs. 3 in NB) was similar, and sevoflurane was given after but not before intubation, the use of sevoflurane is unlikely to have influenced our results. Third, our study population had an average age of approximately 68 years and did not have difficult airways. Our results may not apply to different age groups and to patients with difficult airways. Finally, collection of hemodynamic and BIS data was not performed in a blinded fashion. Ideally, the investigator who recorded the data would not have known the type of intubation tube. However, since many of the observations are objective (e.g., BIS value, MAP, HR), and the investigator was not involved in the intraoperative care, a lack of intraoperative blinding is unlikely to have influenced our results.
In summary, the endobronchial intubation caused similar degrees of hemodynamic and arousal responses, as measured by BIS, as the endotracheal intubation regardless of the presence or absence of hypertension. However, the magnitude of pressor and catecholamine responses was greater in the hypertensive than in the normotensive patients.
